Acute liver failure is a clinical condition associated with high mortality despite recent technological advances. Supportive devices such as the Molecular Adsorbents Recirculating System (MARS ® ) provide therapeutic strategies to add time to find an organ for orthotopic liver transplantation or to allow the native liver to recover sufficiently to make transplantation unnecessary. In this series of cases, we discuss our initial experiences with three patients with acute liver failure. One patient had high bilirubin levels caused by Epstein-Barr virus infection and responded well after three MARS sessions. In a second patient, MARS therapy was used to treat acute-onchronic liver failure caused by chronic hepatitis B virus infection that had not been treated previously; because of severe hemodynamic compromise, only one MARS session was performed. The third patient had an initial diagnosis of acute liver failure and cryptogenic hepatitis, and was treated with five MARS sessions as a supportive measure until the definitive diagnosis (metastatic disease) was performed. In all patients, MARS therapy was well tolerated and induced only mild hypokalemia. In conclusion, although MARS therapy was an effective strategy for these cases of liver failure and greatly improved the biochemical variables, its impact on the mortality rate has not yet been determined.
Introduction
The liver is a unique organ implicated in several physiological processes. One of its most important functions relates to the metabolic pathways involved in the biochemical modification and detoxification of substances absorbed in the digestive tract. However, many circumstances may cause serious changes in liver physiology. Acute liver failure was reported systematically in 1959 by Trey and Davison. Although acute liver failure can have many etiologies, [3] [4] [5] [6] [7] [8] the pathophysiological processes are similar. The most important clinical manifestations are hepatic encephalopathy caused by neurotoxins, brain edema, and impaired cerebral blood flow induced by the pathogenic pathways. [9] [10] [11] In recent years, the mortality rate associated with acute liver failure has declined from 100% to 60-70%. 12 However, despite this decline in the mortality rate, cases can rapidly progress to coma and death. In most cases, the most useful treatment is orthotopic liver transplantation, but, unfortunately, this procedure is available in only ~30% of cases. 13 The potential for rapid progression to death and the relatively high mortality rate have stimulated interest in developing liver-support devices to maintain the patient's life through the crisis and provide more time either to find an organ ("bridge") for orthotopic liver transplantation or to allow to the native liver to recover sufficiently and make transplantation unnecessary. 14 Two basic approaches are under development: bioartificial devices, which use hepatocytes to perform the functions of the failing liver, and artificial devices, such as the Molecular Adsorbents Recirculating System (MARS ® ), which use the principles of albumin dialysis. Experience with MARS has not been reported previously in the Mexican population. We report our initial experiences with three patients with acute liver failure who received MARS therapy.
Patients

Patient 1.
A 73-year-old man had complaints characterized by jaundice, dark urine, and white feces, but without other physical findings or other diseases. The liver functions tests showed moderately elevated levels of alanine aminotransferase, aspartate aminotransferase, and bilirubin (25.95 mg/dL) ( Table I ). The serological analy-ses for hepatitis A virus, hepatitis B virus (HBV), and hepatitis C virus (HCV) were negative. Other causes of liver disease such as hemochromatosis and autoimmune hepatitis were excluded, and tests for antimitochondrial antibodies, antismooth muscle antibodies, antimicrosomal antibodies were negative. The viral capside antigen test for Epstein-Barr virus (EVB) was positive. Abdominal ultrasound and MRI cholangiography demonstrated moderate bile duct dilatation. A percutaneous liver biopsy and immunohistochemical analysis (latency protein membrane) were performed, leading to a diagnosis of hepatitis associated with EVB infection. Because of increasing jaundice, the patient underwent three MARS therapy sessions. The only side effect reported was hypokalemia. No steroids or antiviral drugs were administered and the patient is now asymptomatic.
Patient 2. A 53-year-old man had cirrhosis due to chronic HBV infection and had not been treated previously. The clinical manifestations were acute hepatic encephalopathy and ascites. Paracentesis was performed and 4,000 cc of ascites fluid was removed and albumin replaced. Treatment for shock and inotropic support were necessary. One session of MARS therapy was started and was well tolerated. Hypokalemia was the only side effect associated with MARS therapy. The patient developed hepatorenal syndrome and died (Table I) .
Patient 3. A 73-year-old man had previous bladder cancer treated with resection and chemotherapy based on platin. His main complaints were jaundice, hepatic encephalopathy, and abdominal pain. Serological analyses for hepatitis A virus, HBV, and HCV were negative (Table I), and MRI cholangiography showed bile duct dilatation. Supportive medical measures were started, and a percutaneous liver biopsy was performed. Five sessions of MARS therapy were performed before a definitive histopathological diagnosis was available. There were improvements in the liver function test and the grade of hepatic encephalopathy. Metastatic bladder disease was diagnosed and the MARS therapy was stopped. The patient developed hepatorenal syndrome and died.
Discussion
We have reported our experience using MARS therapy to treat three patients with diverse cases of acute liver failure, ranging from disease caused by common infection (HBV) to severe atypical viral infection (EBV) and unsuspected metastatic disease. Despite these differences, all patients shared the same clinical entity: acute liver failure. We report the first application of MARS therapy to treat a patient with hepatic fulminant hepatitis associated with EBV infection. There are no recommendations for managing patients with acute liver failure associated with EBV infection, although some have used immunosuppressive agents, antiviral drugs, or steroid therapy, which may not be beneficial. [15] [16] [17] Our case of EBV hepatitis was aggressive with high bilirubin levels (25.95 mg/ dL) requiring MARS therapy to enhance liver recovery. In the first three hours of the MARS session, bilirubin levels declined significantly from 25.84 to 17.7 mg/dL. The support of MARS enabled the liver to recovery and a good outcome was obtained. We did not use steroid or antiviral therapy, and found that only this highly specialized supportive therapy was necessary.
The second patient had chronic liver disease associated with HBV and hepatic encephalopathy and ascites. In addition to MARS therapy, we found it necessary to provide inotropic support and mechanical ventilation because of the severe clinical status; however, hepatorenal syndrome developed. Chen et al. 18 recently reported their experience with 52 liver failure patients with severe HBV infection who underwent intermittent MARS therapy for six to eight hours per session in addition to standard medical treatment. They showed decreases in the levels of serum bilirubin, ammonia, urea nitrogen, fragrant amino acids, endotoxin, IL-6, and TNF-α. Their most important finding was that patients who receive MARS therapy had a higher overall survival rate, indicating that MARS therapy could improve the survival rate in patients with liver failure. The third patient was an interesting case who we initially considered to have cryptogenic acute liver failure. We performed MARS therapy because of the severe hepatic encephalopathy; however, we stopped the MARS therapy when the diagnosis from the biopsy was metastatic disease. Tan et al. 19 used MARS therapy in patients critically ill with advanced malignancy but all subjects eventually died. However, they showed that MARS was well tolerated by these patients and improved their biochemical variables without major complications, but did not improve mortality rate. Faybik et al. 20 reported their use of MARS therapy in a patient with advanced malignancy of the pancreas and acute liver failure because of ischemic hepatitis and multiorgan failure resulting from prolonged hemorrhagic shock. In that case, MARS therapy was a good supportive measure and affected this individual patient's mortality.
MARS therapy is a well-tolerated and effective therapeutic strategy, although the outcomes appear to be inconclusive at present. Two recent randomized trials including acute-on-chronic liver failure patients [21] [22] showed that MARS therapy was associated with a high survival rate; for example, the mortality rate was 100% in the control group, and 62.5% at day 7 and 75% at day 30 in the MARS group. In acute pure liver failure, MARS therapy also appears to offer the possibility of enhanced liver recovery from an acute noxious stimulus. 23 The most common adverse effect associated with MARS therapy in our series was moderate hypokalemia; we did not observe any hematological reaction, the most common adverse reaction reported.
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Conclusion
MARS therapy is a well-tolerated and effective strategy that greatly improves biochemical variables in acute liver failure. However, its actual impact on mortality rate it is not clear at present. The procedure should be considered as a bridge to other more effective therapies or as a supportive care measure to treat acute liver failure.
